We previously showed that the product of the wbaP gene of Salmonella enterica serovar Typhimurium has two functions: it is involved in the first step of O-antigen synthesis (the galactosyltransferase [GT] function) and in a later step (the T function), first thought to be the flipping of the O-antigen subunit on undecaprenyl pyrophosphate from the cytoplasmic face to the periplasmic face of the cytoplasmic membrane. We now locate two wbaP(T) mutations within the first half of the wbaP gene by sequencing. Both mutants retain GT activity, although one was a frameshift mutation resulting in a stop codon 10 codons after the frameshift to give an open reading frame containing only 138 of the 476 codons in WbaP. We also show that there is a secondary translation starting within the wbaP gene resulting in the synthesis of a polypeptide with GT activity. These results indicate that the N-and C-terminal halves of WbaP are the T and GT functional domains, respectively. We now propose that the T block operates prior to the flippase function, probably at the release of undecaprenyl pyrophosphate-linked galactose from WbaP.
Lipopolysaccharides (LPS) consist of three structural regions: O antigen, oligosaccharide core, and the lipid A moiety. The O antigen of Salmonella enterica serovar Typhimurium is Abe Խ a polysaccharide with a repeat unit (O unit) of Man-Rha-Gal. This O unit is synthesized by sequential transfer of galactosyl-1-phosphate, rhamnose, mannose, and abequose residues from the respective dinucleotide sugars to the carrier lipid, undecaprenyl phosphate (UndP). O units are then polymerized on undecaprenyl pyrophosphate (UndPP) into polysaccharide chains, which are transferred to the independently synthesized core-lipid A to form LPS (29) . Note that in this report we are using a revised system of gene nomenclature (see Table 1 ).
The O-antigen gene clusters encode both the enzymes responsible for synthesis of O-unit-specific nucleotide sugars and the transferases necessary for O-unit assembly. The O-antigen gene cluster of S. enterica serovar Typhimurium has been well documented, and all of the genes except wzx have products of known function (see references 28 and 29 for reviews). In a previous study, we found with surprise that one of the genes, wbaP, responsible for the well-documented transfer of galactosyl-1-phosphate from GDP-galactose to UndP (the galactosyltransferase [GT] function), also has an additional property which appeared to involve processing of UndPP-linked O unit: wbaP(T) strains were found to accumulate UndPP-linked O units, and we suggested that flipping of the UndPP-linked repeat unit from the cytoplasmic face to the periplasmic face of the cytoplasmic membrane is blocked in these strains (37) .
In this paper, we report the sequence of two wbaP(T) genes: both mutations are within the 5Ј half of the gene. By expressing the 3Ј half of the wbaP gene in a T7 promoter system, we show that this half alone can encode GT activity. We suggest that the N-and C-terminal halves of WbaP comprise the T and GT functional domains, respectively. The T block appears to occur prior to the flipping step in O-antigen synthesis, and we now suggest that in wbaP(T) mutants, the UndPP-linked O unit is not released from WbaP and not able to be flipped for this reason. It is possible that in wild-type strains, the N-terminal end of WbaP functions to influence product release, perhaps preferentially allowing release after completion of an O unit.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains used in this study are listed in Table 1 . The DNA inserts in plasmids are shown diagrammatically in Fig. 1 . Plasmids pGEM-T and pGEM-7zf(ϩ) were from Promega. Plasmids pPR1648, pPR1649, and pPR1650 were made by PCR amplifying the O-antigen gene cluster DNA from positions 20066 to 21747, using chromosomal DNA of strains SL1196, SL1197, and SL1198, respectively, and cloning of the PCR product into pGEM-T. Plasmids pPR1667, pPR1668, pPR1669, pPR1671, pPR1672, and pPR1673 were constructed by PCR amplifying the wild-type LT2 DNA from positions 20618 to 21747, 20793 to 21747, 20853 to 21747, 20954 to 21747, 21085 to 21747, and 21229 to 21747, respectively, and cloning it into pGEM-T. Inserts in all of these pGEM-T-based clones are in the correct orientation for expression from the T7 promoter. Plasmid pPR1381 contains wild-type DNA from positions 19706 to 21751 cloned in pGEM-7zf(ϩ) as described before (37) . Primers used for the PCR amplifications are listed in Table 2 ; molecular positions are as in reference 13.
Chemical and enzymes. Restriction enzymes and T4 DNA ligase were from Boehringer Mannheim. [ 35 S]methionine was purchased from Amersham International plc, Amersham, England.
DNA methods and computer analysis. DNA isolation, restriction enzyme digestion, and ligation were as described by Sambrook et al. (33) . Electroporation was performed by using a Pulser Controller (Bio-Rad) and the method provided by Bio-Rad. Sequencing was done with nested sets of deletions made by using exonuclease III, DNA from the derived plasmids being sequenced by the dideoxy method using fluorescent dye-labeled primers and running the reaction products on an ABI 373A sequencer. Sequence analysis was carried out by using the ANGIS system, which incorporates several sets of programs (30) , at the University of Sydney. PEPPLOT and PLOTSTRUCTURE in the Genetics Computer Group package (6) were used to identify transmembrane segments and predict protein secondary structure. The method of Eisenberg et al. (7) was used to calculate hydrophobic moments and identify potential transmembrane segments. The programs BLAST, MATCH, and STATSEARCH, based on the method of Wilbur and Lipman (38) , were used to search databanks. BESTFIT, also from the Genetics Computer Group package and based on the local homology algorithm of Smith and Waterman (34) , was used to do the comparison between proteins. The parameters for running BESTFIT were a gap weight of 3.0 and a gap length of 1.0.
In vivo protein labeling. The method of in vivo protein labeling was as de-scribed by Tabor and Richardson (36) . Each strain used in this experiment carries plasmid pGP1-2 (36), containing the T7 RNA polymerase gene, and pGEM-T or pGEM-7zf(ϩ) derivatives containing the T7 promoter and a cloned gene which encodes the protein to be labeled. Cells were grown in LB broth to early log phase (optical density at 530 nm of 0.2), and 0.2 ml of culture was centrifuged. The cell pellet was washed with 5 ml of M9 medium (33), recentrifuged, and resuspended in 1 ml of M9 medium supplemented with 20 g of thiamine per ml and 0.01% a mixture of amino acids (minus cysteine and methionine). Cells were grown with shaking at 30ЊC for 60 min, and the culture was shifted to 42ЊC and grown for a further 15 min. Rifampin was added to the culture to a final concentration of 0.2 mg/ml and the culture was incubated at 42ЊC for a further 10 min. The culture was then shifted back to 30ЊC and incubated for 20 min before addition of [ mol), and after a further 5-min incubation, the labeled cells were collected by centrifugation. The cell pellet was resuspended in Lugtenberg buffer (19) , and a sample was boiled and analyzed by sodium dodecyl sulfate-12% polyacrylamide gel electrophoresis (SDS-PAGE). Labeled proteins were visualized by exposing a Kodak X-Omat film to the gel. GT assay. For assaying the GT activity of pGEM-T-based plasmids carrying all or part of wbaP, cells were grown in LB broth to early log phase at 30ЊC, induced at 42ЊC for 15 min, and grown for another 30 min at 30ЊC before being collected by centrifugation, washed with saline, and resuspended to 5% of the original culture volume in buffer A (50 mM Tris-acetate [pH 8.5], 1 mM EDTA). The cells were then subjected to sonication, unbroken cells were removed by centrifugation at 2,500 ϫ g for 15 min, and the membrane fraction was collected by centrifugation at 48,400 ϫ g for 60 min. The membrane fraction was washed once in buffer A, centrifuged again, and resuspended in 0.5% of the original culture volume in buffer A. The assay was a modification of that described by Osborn and Tze-Yuen (26) ; the mix contained 20 l of membrane fraction, 6 nmol of decaprenol phosphate (Sigma) dissolved in 10 l of methanol plus 15 l of Triton X-100, 50 mM Tris-acetate (pH 8. with chromosomal wild-type wbaP has 487 U activity, and the radioactivity recovered from strain P9029 carrying pGP1-2 alone was 48 cpm, which was treated as background and has been subtracted in the data reported here). Plasmid pPR1648 carries DNA from strain SL1196, and the open circle on the bar representing this plasmid indicates the single base deletion within that sequence. Vertical lines indicate the endpoints of the smallest clone with GT activity and the clone without activity; the sequence between these two points is shown below the bars. The reading frame of the sequence is that of the wild-type gene, and the potential Shine-Dalgarno and translation start sites for the 25-kDa protein are underlined. VOL. 178, 1996 3Ј HALF OF wbaP ENCODES THE GALACTOSYLTRANSFERASE 2599 carried out at 37ЊC for 30 min, and the reaction was stopped by addition of 4 ml of chloroform-methanol (2:1). The chloroform-methanol phase was extracted three times with 0.8 ml of pure solvent upper phase (25) and dried by evaporation before 4 ml of aqueous scintillant was added and radioactivity was counted.
Note that the yield of end product, not the rate of reaction, is measured and given as an indication of the presence of the enzyme. Nucleotide sequence accession numbers. The nucleotide sequences from strains SL1196 and SL1197 reported in this paper have been assigned GenBank accession numbers U35434 and U35435.
RESULTS AND DISCUSSION
Location of the wbaP(T) mutations. Strains SL1196, SL1197, and SL1198 were isolated and characterized as rfbT mutants in 1972 (39) , and no other such mutants have been reported since then. In our previous study, we found that the T mutations are in the rfbP (now wbaP) gene, and we have named two of them wbaP4451(T) and wbaP4452(T) (of SL1196 and SL1197, respectively) or wbaP(T) mutations (37) .
To locate the wbaP(T) mutations, we sequenced the inserts of plasmids pPR1648, pPR1649, and pPR1650, which carry the entire wbaP gene from positions 20317 to 21744 and 252 bp upstream of the gene of strains SL1196, SL1197, and SL1198, respectively. Comparison of the sequences with that of the wild-type strain P9003 (13) showed that there are two base substitutions within the coding region of SL1197 and one base substitution and one base deletion in that of SL1196.
In strain SL1196, the substitution at nucleotide position 20322 is of the third codon base and does not affect the amino acid. Base 20702 is deleted in this strain, giving a frameshift and a stop codon after a further 10 codons. In strain SL1197, both substitutions at positions 20542 and 20557 are of the first codon base and change histidine 76 to tyrosine and lysine 81 to glutamic acid, respectively. The changes are nonconservative and close to each other. Note that strain SL1197 is a leaky mutant (37) . No changes were found in the sequence of SL1198 (data not shown). The receptors on S. enterica serovar Typhimurium for bacteriophages Felix O and P22 are the complete core and O antigen, respectively, of LPS: T mutants, as first isolated, were sensitive to phage Felix O but resistant to phage P22 (39) . We showed in a previous study that strain SL1198 is now resistant to both of these phages (37) . We believe that a labeling error may have occurred at some stage and that the strain that we are using is not the original SL1198.
It has been suggested that there is a promoter located in front of the wbaP gene in S. enterica LT2 (24a). We showed previously that the level of GT function is reduced in strains SL1196 and SL1197 and considered the possibility that the T Ϫ phenotype might be due to lower expression of the wbaP gene (37) . We have now sequenced the 75-bp intergenic region between wbaP and the upstream gene, manB (previously known as rfbK) and the last 177 bp of manB in both SL1196 and SL1197. No mutations were found in the potential regulatory region, and this gives no support for our earlier hypothesis. The sequencing data suggest that T function resides in the N-terminal part of WbaP.
The 3 half of wbaP encodes the GT domain. WbaP was labeled with [
35 S]methionine in vivo by using strain P5207 and analyzed by SDS-PAGE; two protein bands, a 56-kDa band of the calculated size for WbaP and a 25-kDa band, were present (Fig. 2) . Thus, either there is a secondary translation initiation within wbaP or the 56-kDa protein is cleaved posttranslationally giving rise to the 25-kDa protein.
The wbaP(T) genes from strains SL1196 and SL1197 were cloned into pGEM-T, and the WbaP proteins were labeled. pGEM-T (pPR1649) carrying the wbaP4452(T) DNA from SL1197 with two substitution mutations produces two bands of 56 and 25 kDa, identical to those produced by wild-type wbaP. pGEM-T (pPR1648) carrying the allele from SL1196 produces a single band of 25 kDa (Fig. 2) ; the single base deletion at position 20702 in this strain causes a stop codon at position 20731 and should give a much shorter protein with a calculated size of 17 kDa. Thus, the 25-kDa protein observed is most likely encoded by the 3Ј half of wbaP. The predicted 17-kDa protein contains only one methionine, and this could be the reason that we did not see a 17-kDa protein. It is also possible that the predicted 17-kDa protein runs at the same position as one of the background bands (Fig. 2) .
To determine if the 3Ј half of wbaP can indeed initiate translation to synthesize a 25-kDa protein and, if so, where the translation starts, we constructed plasmids pPR1667, pPR1668, pPR1669, pPR1671, pPR1672, and pPR1673, which carry different lengths of the 3Ј end of wbaP DNA in pGEM-T (Fig. 1) . These plasmids were transformed into strain P9029 carrying plasmid pGP1-2 (a T7 RNA polymerase clone); expression ; 5, P4400 carrying pPR1667; 6, P4400 carrying pPR1668; 7, P4400 carrying pPR1671; 8, P4400 carrying pPR1672; 9, P4400 carrying pPR1673. Positions of molecular weight markers (Kaleidoscope prestained standards from Bio-Rad) are indicated on the left. pPR1648  5-TTGGAATGAAGGTGC-3  5-TTAATACGCACCATCTCG-3  pPR1649  5-TTGGAATGAAGGTGC-3  5-TTAATACGCACCATCTCG-3  pPR1650  5-TTGGAATGAAGGTGC-3  5-TTAATACGCACCATCTCG-3  pPR1667  5-ATTTGGCTCTGATAGCGTTTAC-3  5-TTAATACGCACCATCTCG-3  pPR1668  5-TGGTGCATATTCTGCGCTG-3  5-TTAATACGCACCATCTCG-3  pPR1669  5-TGATACCGATGCGTCAG-3  5-TTAATACGCACCATCTCG-3  pPR1671  5-TTGCTTATGAATACACCGAG-3  5-TTAATACGCACCATCTCG-3  pPR1672  5-TCTTTAGCCATGAAGTTATG-3  5-TTAATACGCACCATCTCG-3  pPR1673  5-TGTGGTATAAAGTTACTCGAG-3  5-TTAATACGCACCATCTCG-3 from the T7 promoter was induced, and GT activity assayed for each strain. As shown in Fig. 1 , plasmids pPR1667, pPR1668, pPR1669, pPR1671, and pPR1672 all encode GT activity, but plasmid pPR1673 does not. Some of these strains were in vivo labeled with [ 35 S]methionine, and whole cell lysates were analyzed by SDS-PAGE (Fig. 2) . Those carrying plasmid pPR1667, pPR1668, pPR1671, or pPR1672 produce a protein running at the 25-kDa position, one of the two proteins produced by the strain carrying pPR1381 (wild-type wbaP), while the strain with pPR1673 does not produce this protein. As expected, none of the strains produce the 56-kDa protein. We conclude that a secondary translation must be initiated in the region between positions 21086 and 21229, most likely from position 21102 (Fig. 1) , to give a 25-kDa protein and that this protein can carry out the GT function. Besides the 25-kDa protein, the strain carrying pPR1668 produces a protein of about 40 kDa, which may be due to an in-frame fusion between the 5Ј end of the inserted DNA and the vector sequence.
In the experiments described above, the 25-kDa protein was synthesized when the 3Ј half of wbaP was cloned, put under the control of a T7 promoter, and expressed under abnormal conditions. Thus, it is not clear that this 25-kDa protein is synthesized in the wild-type strain from the wbaP gene on the chromosome, although it must be synthesized in strain SL1196 to account for the GT activity found in that strain. The results clearly show that the C-terminal part of WbaP has the GT function.
The N-and C-terminal segments of WbaP have the T and GT functions, respectively. We propose that WbaP comprises T and GT domains, and these domains have four and one potential transmembrane segments, respectively (Fig. 3) . The 25-kDa protein containing only the GT domain is able to enter or associate with the membrane, as the GT activity was found in the membrane fraction of strains carrying pPR1667, pPR1668, pPR1669, pPR1671, or pPR1672. There is no obvious signal peptidase cleavage site beside the potential transmembrane segment located within this 25-kDa protein, and it is probable that the transmembrane segment functions to anchor the protein to the inner membrane rather than as a signal peptide.
WbaP-like proteins. WbaP shows high-level sequence similarity with GumD, CpsE, AmsG, Orf14 (KpK2cps), and Orf16 (EcK-12cps) throughout their entire lengths (Table 3) . These proteins are potential sugar transferases involved in the synthesis of polysaccharides in Xanthomonas campestris (5, 27, 31) , Streptococcus pneumoniae (9, 24) , Erwinia amylovora (3), Klebsiella pneumoniae (1), and Escherichia coli K-12 (35), respectively. These proteins all have hydrophobic profiles very similar to that of WbaP (Fig. 3) . The fact that the 25-kDa protein encoded by the 3Ј component of wbaP has GT activity suggests that the primary interaction with UndPP occurs in the C-terminal portions of these proteins and not in the N-terminal portion as previously suggested by Guidolin et al. (9) . The level of similarity in the hydrophobic profiles (Fig. 3) suggests that the N-terminal portions have similar functions in all of them.
The C-terminal half of WbaP shows high-level sequence similarity to ExoY of Rhizobium meliloti (27, 31) and to PssA and Pss4 of two Rhizobium leguminosarum strains (2, 11) (Table 3). ExoY, PssA, and Pss4 are all potential sugar transferases, and their hydrophobic profiles are very similar to that of the C-terminal half of WbaP, including the potential transmembrane segment in this region (Fig. 3) , adding further support to the proposal that the enzyme activity resides in the C-terminal part of each of the larger proteins.
CpsD of Streptococcus agalactiae, a GT (32), shows homology with the central part of WbaP (32) (Fig. 3) . The cpsD sequence described by Rubens et al. (32) has about 400 bases of noncoding sequence between cpsD and the upstream gene. By inserting a single base A in a region of 4 A's and deleting a single base T in a region of 6 T's in the intergenic sequence, an extra 94 codons could be added onto the 5Ј end of cpsD as published. We suggest that there may be mutations or sequencing errors in the reported cpsD sequence, as this larger version of the protein (CpsD*) gives a hydrophobic profile similar to that of WbaP at the N-terminal end (Fig. 3) . All of the WbaPlike transferases except CpsD have a small hydrophobic region at their C-terminal ends (Fig. 3) . Only 29 bases following the cpsD gene were sequenced (32) , and thus we are unable to FIG. 4 . Alignment of the C-terminal half of WbaP (from the potential translation start position for the 25-kDa protein to the end of WbaP) with ExoY, Pss4, PssA, Orf14 (KpK2cps), Orf16 (EcK-12cps), GumD, AmsG, CpsD, and CpsE. Residues that are conserved in eight or more sequences are highlighted. Residues which are conserved only among these potential glucosyltransferase (top five sequences) or GT (next three sequences) sequences are boxed (except CpsD, a potential GT, for which the sequence is not complete). Blocks A, B, and C are indicated by lines above them. comment on a possible 3Ј extension to this gene. However, we suggest that cpsD is (or was) a gene similar in length and characteristics to wbaP.
The fact that the C-terminal halves of WbaP and related proteins show homology with the entire sequences of PssA, Pss4, and ExoY may indicate that the larger gene evolved by inframe fusion of two separate genes. The presence of the secondary translation starting within wbaP for synthesis of the 25-kDa protein also supports this idea.
Among the WbaP-like proteins, CpsD and GumD have been shown to be glycosyltransferases. CpsD is a GT catalyzing the initial step of type III capsule synthesis in group B streptococci by transferring galactosyl-1-phosphate onto UndP (32) . GumD of X. campestris catalyzes the transfer of glucosyl-1-phosphate onto UndP, the first step in the synthesis of xanthan gum (10) . ExoY is one of the two proteins needed for the addition of galactosyl-1-phosphate to UndP, the first step in the synthesis of succinoglycan (8) . pssA and pss4 mutants can be complemented by the gumD gene (5). Orf14 (KpK2cps) and Orf16 (Eck-12cps) are potential UndP glucosyl phosphate transferases (1, 35) , AmsG is a potential UndP galactosyl-1-phosphate transferase (3), and CpsE is a potential UndP rhamnosyl phosphate transferase (9) . Figure 4 shows the alignment of the C-terminal half of WbaP with those proteins (or C-terminal halves of them): blocks A and B are highly conserved among all of the proteins, and we propose that these blocks may function in interacting with UndPP. Within block C, sequences of (potential) GTs and those of (potential) glucosyltransferases form two different conserved groups, indicating that this block may be responsible for sugar specificity in the transferase. We searched the available databases by using BLAST and STAT-SEARCH with sequences of blocks A and B as probes and found no additional homologs.
Syntheses of bacterial peptidoglycan precursor and the lipidlinked oligosaccharide precursor of eukaryotic glycoproteins are the only well-known systems using lipid carriers (UndP and dolichyl phosphate, respectively) (4) other than these for bacterial polysaccharides of the types discussed above. The biosynthetic cycles involving these lipid carriers are very similar in that they all synthesize oligosaccharide precursor on a lipid carrier in the cytoplasm, addition of the first sugar residue and release of a nucleoside monophosphate being catalyzed by an integral membrane protein (WbaP in the case of S. enterica serovar Typhimurium O antigen) (4, 13) . Subsequent sugar residues are added by membrane-associated proteins which release a nucleotide diphosphate, before the lipid-linked oligosaccharide is flipped across the membrane (4, 17, 18) . It has been found that the proteins catalyzing the attachment of the first sugar to the lipid carrier in the synthesis of peptidoglycan in E. coli (protein MraY) and the glycoprotein glycan in both yeast (protein ALG7) and hamster (protein GPT) cells are homologous (4) . Rfe, which initiates the synthesis of the enterobacterial common antigen and the synthesis of the O unit in S. enterica group C1, E. coli (Shigella) Dysenteriae and some other E. coli serotypes such as O8 and O9 by transfer of the GlcNAc-phosphate from UDP-GlcNAc to UndP (12, 15, 20, 23) , has a hydrophobic profile similar to those of MraY, ALG7, and GPT (data not shown) and shows some similarity to them at the amino acid sequence level (23) . However WbaP and WbaP-like proteins do not show any similarity at either the sequence or structure level with those proteins. We suggest that this group of proteins, which are all involved in the synthesis of bacterial polysaccharides, form a new family of proteins catalyzing the attachment of sugar residues to lipid carrier.
The T block operates prior to the O-unit flipping step. Synthesis of the UndPP-linked O unit must take place on the cytoplasmic face of the inner membrane because all of the nucleotide sugar precursors are synthesized by cytoplasmic enzymes, whereas polymerization of the repeat O units and the ligation of O antigen to core-lipid A occur at the periplasmic face of the membrane (14, 21, 22) . O units on UndPP have to be transferred from the cytoplasmic face to the periplasmic face of the inner membrane by a flippase before they can be polymerized or ligated. In a previous study, we found that UndPP-linked O units are accumulated in the wbaP(T) strains and suggested that WbaP is involved in flipping of the UndPPlinked repeat unit from the cytoplasmic face to the periplasmic face of the cytoplasmic membrane, probably acting as the flippase (37) . Since then, wzx has been found to be a better candidate for the flippase gene, and much more UndPP-linked O unit is accumulated in an wzx mutant than in the wbaP(T) strains (16) . The fact that much less UndPP-linked O unit is accumulated in the wbaP(T) mutant than in a flippase mutant indicates that the block in the wbaP(T) mutant is not a block in flippase activity but must be before that step, as otherwise one would expect the intermediate UndPP-linked O units to accumulate to the level of available UndP as presumably happens in the wzx mutant. The synthesis of UndPP linked O unit in S. enterica serovar Typhimurium is well understood (28, 29) , and we are not aware of any potential block other than at the flippase step which would lead to accumulation of UndPPlinked O unit or of other intermediates which could have been confused with it in our earlier study. An alternative possibility is that the UndPP-linked O unit is unable to be flipped because it remains associated with WbaP in the T mutants, accumulating only to the level of this protein and not to the level of available UndP.
In S. enterica serovar Typhimurium, synthesis of the O unit starts with transfer of galactosyl-1-phosphate from GDP-galactose to UndP by WbaP, and other sugar residues are then transferred sequentially to form the complete O unit. It is possible that WbaP remains associated with the UndPP-linked intermediates throughout O-unit synthesis, with the N-terminal domain responsible for increasing the rate of release of the UndPP-linked O unit once the complete O unit is synthesized. In the two wbaP(T) strains, the N-terminal half is mutated and WbaP(T Ϫ ) may have lost this ability and not release the UndPP linked O unit.
In summary, we conclude that the N-and C-terminal halves of WbaP encode the T and GT functional domains, respectively. The nature of the T block is not clear, but we suggest that wbaP(T) mutants may be unable to release UndPP-Gal and that although the other sugars are added to complete the UndPP-linked O unit, it remains associated with WbaP and cannot be further processed. We are currently investigating this possibility.
